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Abstract 

She  luminescence  produced  by  intense  ultrasonic  waves  has  bom 
investigated  in  a rairnhm*  of  water  solutions  and  organic  liquids  in 
tho  frequency  range  .66-2  Ifc/s.  Together  with  direct  visual  tests 
quantitative  measurements  hmr  been  performed  far  which  a photaaetrii 
method  has  been  developed.  x«w>l  u shew  that  luminescence,  then 
it  does  occur.  Is  always  poreeant  with  cavitation  and  starts  at  the 
same  energy  level  as  cavitation.  Various  water  solutions  shoe 
luminescence  in  the  sane  relative  amounts  as  the  yield  of  the  chemical 
reaction  caused  by  intense  sound  waves.  PTcti  this  it  is  concluded 
that,  at  least  In  these  cases,  tho  phenomenon  is  cheniluainescence. 

Among  the  organic  liquid  tested  only  nitrobenzene  has  shewn  a very 
weak  luminescence  in  the  .frequency  range  and  under  the  physical 
conditions  examined.  It  is  not  possible  at  presont  to  conclude 
uhethor  this  weak  luminescence  is  duo  to  some  chemical  reaction 
occurring  in  it  or  to  a different  process.  An  apparent  frequency 
dependence  for  the  intensity  of  luminescence  was  observed;  however, 
it  was  shown  that  the  threshold  of  cavitation  was  the  frequency 
dependent  phenomenon. 

*This  work  was  supported  by  the  U.S.  Office  of  Naval  Research. 

**Frcn  the  Instltuto  di  Ultracustica,  Rome,  Italy.  At  present  at 
the  Catholic  University  of  America. 


Errata 


Figures  1-5  do  not  appear  in  this  report  but 
will  appear  in  the  final  paper  to  be  published. 
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1,  Introduction 

ikujy  experimenter,'.  have  reported  the  ob3orviticsi  of  lunLne*cencQ 
produced  by  high  intc-isity  sound  waves  In  liquids  at  different 
frequencies  and  hypotheses  have  been  made  concerning  the  origin  of 
this  phononencn.  ill  authors  agree  that  lunine sconce  can  only  he 
present  -uhen  cavitation  also  occurs.  L.  A.  Chambers*  touted  a con- 
siderable reiriyr  of  liquids  in  tbo  low  frequency  range  l->  Kc/sec. 

He  found  that  lae  intensity  of  the  light  produced  by  sound  increased 
with  tho  prod-ct  of  the  dipole  accent  and  the  viscosity  eoefit-tent 
of  the  liquid.  The  higher  light  intensities  were  observed  is  git-'^rins 
and  r&trdb  naone*  the  lower  ones  in  the  monohydrie  alccholj . Water, 
however,  ia a a ouch  larger  Imrinescenoe  than  -_rmld  be  expected  Cran 
its  dlprie  xaaasnt  and  its  viscosity. 

2 

X>.  a higher  frequency  range,  a few  hundred  kc/sec.,  £•  N.  Harvey 
has  s uotLed  nanarous  solutions  of  different  substances  in  water  and 
inte  proto  his  results  as  excluding  the  possibility  of  chemiluminescence 
as  m explanation  of  the  observed  phenomena.  In  particular  the  fact 
tfit  lusdnescenoe  Is  present  in  water  saturated  with  nitrogen  led  him 
•o  the  eonolusicn  that  the  presence  of  caygen  Is  not  neoessary  for 
luminescence  in  water.  Her© error,  the  g mat  variety  of  conditions 
under  which  the  lunAnaeoence  occurs  in  reducing  or  qcridistng  solutions 
is  for  him  an  evidence  of  nonebeslcal  origin  of  luminescence.  Harvey 
suggests  that  we  are  dealing  with  electroluminescence.  However,  aoro 

1.  L.  A.  Chanters,  J.  Cham,  ffrys.  5,  230(1^37) 

2.  E.  N.  Harvey,  J.  Aa.  Chao.  See.,  61,  2392(1939) 
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recent  experiments  have  shown  that  there  are  chemical  effects  in  all 

eases  in  whioh  Harvey  observed  luminescence* 

3 

J.  Frenkel  proposed  the  idea  that  the  origin  of  luminescence 
nay  he  due  to  a kind  of  ball oeleo  triol  ty . As  a consequence  of  high 
intensity  sound  waves,  the  liquid  is  tern  apart  producing  cavities  in 
which  electric  charges  are  famed  on  opposite  parts  of  the  surface. 
Daring  the  collapse  of  a bubble  an  elec  trio  discharge  takes  place 
with  production  of  light  and  f carnation  of  active  oxygon  uhich  may  be 
responsible  far  the  chemical  effects  observed.  This  theory  is  based 
on  the  hypothesis  that  cavitation  is  produced  by  effective  tearing 
of  the  liquid  and  not  ty  a gradual  growing  of  the  bubbles  fraa  nuclei* 
It  is  di. fflcq.lt  to  accept  this  hypothesis  because  cavitation  and 
lundnseoenoa  nay  be  observed  with  intensities  of  the  sound  waves  far 
below  the  ones  that,  would  be  acquired  to  overcone  the  inter-molecular 
forces. 

Bsosnbly  E*  A.  Hsppiras  and  B*  E.  Ndtingk^  hove  studied 
8ointlcns  of  carbon  tetraohLorids  in  water  in  the  frequency  range 
$00  fie/eeo  - 2 Ib/s  and  propose  as  alternative  explanation  cf 
linatnsscenoe  the  possibility  that  the  tesqperature  inside  the  bubbles 
increases  during  their  collapse  so  much  as  to  produce  lncandsscanoe 
of  tbs  gases  inside* 

3.  J.  Ffcoakal,  Acta  Aysioooh.  12,  317(l$i*D) 

B*  A*  Heppiraa,  B*  E.  KcldlxgS,  Huilard  Res.  Lab*  Depart  135(1^1) 
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In  provioua  investigations  the  ljypothesis  was  made'*  and  tested^* ^ 
that  cavitation  bubbles  act  +>  as  hot  spots  which  are  responsible  for 
chemical  reactions,  as  also  sugcested  by  Iteppiras  and  Noltingk. 

It  was  found  that  such  reactions  occur  only  within  the  bubble 
and  depend  cn  the  cas  in  the  bubble.  Aqueous  solutions  of  carbon 
tetrachloride  give  free  chlorine  if  the  gas  is  A or  CO,  not  if  it  is 
U2»  In  ethor,  acetone  aetbylnlochol,  benseno  and  nitrobenzene 
saturated  with  air,  no  chemical  effects  are  found* 

From  this  brief  survey  it  appears  that  the  origin  of  the 
sonolundnescence  is  not  yet  clearly  understood  and  that  it  is  nec- 
essary to  gather  more  experimental  data.  The  experimental  study  of 
these  phenomena  is  made  difficult  because  the  observed  light  inten- 
sity is  very  low.  Thus,  up  to  now  the  observations  have  boon  of  a 
qualitative  nature. 

For  those  reasons  ua  hove  made  some  experiments  to  clarify  the 

nature  of  the  phenomena  and  hove  developed  on  experimental  set-up 

for  quantitative  measurements  on  Luminescence  to  further  e 

8 

previous  data  obtained  from  direct  visual  observations. 

5.  V.  (lriffinc,  J.  Chem.  ihys.  18,  997(1950) 

6.  Iu  S.  Fitsgeoralu,  The  Hole  c5*~TtiSBoLvod  Oases  in  Ghenioal  Rs*i"t».-tnnp 
produced  by  Ultrasonics,  hi.  t).  {heels,  dsfchaLic  Thxiveroity  of 
America  Press  (?.95l). 

7.  V,  Qritfing,  J.  Chem.  Ffays.  20,  939(1552) 

8.  7.  Oriffing-D.  Setto-PUys.  Rev.  87,23U(1952) 
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2 . Apparatus  and  methods  of  apogureoapt 

For  direct  visual  obeervaticno  a slnple  experimental  anwngecmnt 
ms  used*  1 quarts  crystal  jaunted  in  a holder  described  below  has 

been  used  fer  generating  sound  worse  tiiich  are  transmitted  through  a 
layer  of  -jeter  to  the  liquid  contained  in  the  test  tube.  Bb  open 
end  of  the  tube  was  oloeed  by  a thin  sheet  of  nylon  which  permitted 
99%  of  the  sound  energy  to  enter  the  liquid.  The  observations  were 
made  in  a dark  room  after  the  ayes  became  accomodated  to  the  low 
ir. tensity  light. 

la  the  arrangement  described  the  layer  of  water  between  quarts 
and  test  tube  becomes  luminescent.  This  Is  not  a great  inconvenience 
if  the  liquid  in  the  tube  is  strongly  lucri.no  occnt,  because  the  eyes 
distinguish  the  different  luminous  places,  but  is  troublesome  if  the 
second  liquid  is  scarcely  luminescent  or  not  luminescent  at  all*  In 
these  cases  we  have  used  as  intermediate  liquid  ether  or  a mixture 
of  water  and  ether  where  no  luminescence  was  found. 

The  experimental  set-up  used  far  quantitative  measurements  of 
luminescence  is  shewn  in  the  block  diagram  of  figure  3.  The  liquid 
la  contained  in  a small  chamber  in  which  one  wall  was  a quarts 
crystal  for  generating  sound  waves  and  the  opposite  wall  Wia  a glass 
window.  The  photoaenaiti'*  tube  was  located  aa  the  back  of  the 
window.  Xhistube  was  a RCA  931  A and  it  is  a part  of  a photo* 
mltlplier  ndorophetemeter  (Am.  Instr.  Go.  type  H 10-210)  in 
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an  aqplifiar  and  a bridge  olroult  are  designed  to  allow  measurements 
of  very  weak  luminous  flux  (of  the  order  of  mloraator oilmen) . 

An  important  point  In  tho  constructions  of  such  apparatus  is  to 
avoid  any  discharge  between  tho  quarts  electrodes  and  to  limit  as  ouch 
as  possible  o arena  effects  on  the  electrodes  particularly  inasxstth  as 
the  voltages  applied  to  the  quarts  ranged  up  to  3500  volts.  For 
tkan  rues one  the  quarts  is  put  between  two  circular  electrodes  of 
diameter  smaller  than  the  quartz  disc  and  oily  the  central  parts  of 
Its  faces  are  gold-plated.  The  electrodes  metre  over  have  been  shaped 
to  decrease  the  voltage  gradient,  notwithstanding  these  precautions 
a corona  effect  was  still  detectable  (especially  at  1 no/eeo)  with 
the  nkarcphotcaeter  at  Its  nxlaun  sensitivity. 

In  order  to  control  the  teaperature,  a refrigeration  coil  was 
put  around  the  liquid  chamber  and  tap  water  was  used  as  the  circu- 
lating liquid.  This  system  uas  found  satisfactory  for  our  purpose, 
because  we  intended  to  investigate  only  at  room  tenperaturs  and  it 
was  necessary  to  change  the  liquid  specimen  vary  frequently  for  other 
reasons.  Cavitation  produces  a rapid  degassing  of  the  small  quantity 
of  liquid  In  the  chamber  and  a consequent  chane  > in  Its  behavior. 

I lore  aver  ufaan  car  ben  tetrachloride  was  present  in  aqueous  solutions, 
the  chemical  reactions  produce  a change  In  the  optical  properties  of 
the  liquid,  with  the  appearance  of  a white  cloudiness.  The  teeperotare 
of  the  liquid  when  introduced  in  the  chamber  and  when  it  was  taken 
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away  uno  checked  and  usually  a temperature  increase  from  2 1 to  26°  C. 
u&c  obtained. 

Tuo  threaded  holes  lievo  beon  placed  in  tho  chaubor  through  which 
the  liquid  io  passed.  Tuo  s'bUL  pipos  can  bo  scremd  in  the  holes 
uiiich  rjokec  it  possible  to  fill  ami  o:pty  tho  coll.  The  chaiibor  is 
afterwards  soalsd  with  tuo  serous.  \Avsn  water  solutions  saturated 
with  goaos  different  from  air  had  to  bo  tested  tho  faLT'  owing  pro- 
cedure wan  used  far  introducing  them  in  tho  ultrasonic  colli  (1)  the 
oKftnbnr  is  filled  with  distilled  watar;  (2)  the  water  is  pushed  out 
of  the  chanbar  by  the  same  gas  under  pressure  which  is  dissolved  in 
tho  liquid  to  be  next  used;  (3)  the  chanbar  is  filled  with  the  water 
solution  fron  a flask  where  the  liquid  is  put  under  a pressure  higher 
than  atnocphoric. 

A cylindrical  shape  of  the  liquid  chamber  has  been  chceen 
having  the  class  window  parallel  to  the  quarts.  was  done  to 

observe  the  light  fron  the  best  position  and  increase  the  sound 
energy  density  in  the  liquid  by  reflections.  This  has  the  dis- 
advantage that  the  presence  of  standing  waves  makes  It  difficult  to 
specify  the  energy  level  inside  the  chamber.  Because  it  has  been 
observed  that  the  real  distribution  of  toe  sound  pressures  under  these 
conditions  Is  strongly  dependent  on  toe  geometrical  shape  of  the  vessel, 

we  hove  preferred  to  adopt  a procedure  developed  in  other  cavitation 
threshold  eaqpariments  at  this  university^. 

9.  F.  £.  Fax  and  U,  Connolly  - Experimental  Studi.es  cf  the  Cavita- 
tion Threshold  in  Liquids.  To  be  published. 


The  method  involves  tuo  assumptions  t (a)  that  the  soond  in- 
tensity level  at  which  oavitation  begins  is  independent  of  the 
go  coo  try  of  the  sound  fiold,  (b)  that  tJio  energy  in  a given  sound 
field  is  proportional  to  V^,  whore  7 is  the  voltage  applied  to  the 
sound  eourco  at  a given,  constant  frequency.  %us  one  determines  Ex 

in  the  relation  J ■ KxV^  by  simultaneous  measurements  of  the  voltages 
and  tho  sound  intensity  in  a progressive,  nearly  piano  wave  system 
using  a radiation  pressure  detector  and  fresh  tap  water.  In  the  same 
system  one  determines  J^,  the  intensity  level  for  tho  onset  of 
cavitation.  Using  the  cloeod  vessel  uith  the  standing  wave  system 
one  next  determines  the  voltage  at  which  cavitation  begins.  Since 
one  seines  that  cavitation  sots  in  at  tho  aaxao  local  intensity  as  in 
the  progressive  wave,  this  yields  the  value  of  1^  to  bo  need  for  thiw 
particular  experimental  arrangement  as  long  as  the  frequency  remains 
constant  and  the  ratio  of  % to  Eg  la  assumed  to  depend  only  on  the 
geometry  of  tho  system. 

Of  course,  after  the  onset  of  cavitation  the  presence  of  many 
sound  scattering  bubbles  disturbs  tho  sound  field  in  both  of  the 
above  systems,  but  one  assumes  that  the  quadratic  dependence  upon 
voltage  holds  for  the  average  intensity  beyond  the  cavitation  thres- 
hold. The  cavitation  thresholds  obtained*  were  0.62  v/cx£  at 

O 

660  kcj  0.90  v/cbl  at  1 mo  and  1.65  v/cxf*-  at  2 os.  The  candi ticra 

*Those  values  were  obtained  by  applying  intonaittarrfc  voltages  to  the 
quartz,  (see  (9))^ 
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for  tlx:  observation  of  tiio  cavitation  in  tiie  chanber  uoro  not  vary 


favorable.  Thic  obeorvaticr  ms  node  by  diao  erase  ting  ths  phototube 


attaohnont  and  uainc  the  glaeswindou  both  for  trananittine  a light 


beam  and  looking  at  tin  bubble  fcmaticn.  IJcreovur  it  was  ofton 


difficult  to  start  cavitation  in  the  chanber,  so  that  it  sas  soon* 


tiTBc  preferable  to  detomine  tbs  end  instead  of  the  onset  of  cavita- 


tion. Accordingly  the  study  of  lunineeoenoe  was  usually  done  tqr 


applying  the  wav***™  voltago  to  the  quarts  and  recording  the  light 


aster  deflections  os  the  voltago  coptiaaoualy  ap  liod  to  the  quarts 


uac  gradually  decreased.  In  these  conditions  of  course  cavitation 


ceased  far  energy  levels  slightly  leuer  than  uhan  the  voltage  at  the 


quarts  at  the  onset  of  cavitation. 


On  the  sane  sanylo  only  two  or  three  runs  were  node,  and  the 
results  given  below  are  an  average  of  tests  on  nsny  samples.  As  ue 


have  nentioned  before  the  min  rsssens  for  naklng  so  fa v runs  cn  tha 


same  sample  are  the  degassing  of  the  liqpiid  produced  by  cavitation 


and  the  fact  that  uhen  carbon  tetrachloride  is  present  the  liquid 


repdxCy  beooces  cloudy  duo  to  chealcal  reactions  taking  place  In  it. 


In  order  to  correct  for  those  chances,  the  reading  of  the  light  aster 


given  In  the  second  and  third  runs  have  bean  oultipiied  by  the  ratio 


of  the  maximum  readings  in  the  first  and  seoend  runs*  Table  1 shoes 


hew  ths  average  deflections  for  a amyls  have  been  Calculated*  The 


average  for  different  soqples  were  used  to  obtain  the  values  of  light 
given  belov. 
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TAELS  I 


Calculation  of  average  of  Illuminations  at  the  phototube 
far  a specimen  of  water,  carbon  tetrachloride,  argon  solution, 
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At  high  ultrasonic  Interns ity  tje  havo  found  that  tho  light 
intensity  uoasurooanto  reproduce  quite  uell.  At  louer  ultrasonic 
intensities,  however,  large  variations  waro  found  among  successive 
runs.  At  this  intensity,  the  luminescence  changes  very  rapidly 
ulth  the  sound  intensity . 'Hieref’oro  email  change  in  gas  content 
of  the  liquid,  nuclei  present,  and  other  conditions  uhich  Influence 
cavitation,  have  here  a larger  effect. 

It  lias  not  possible  to  eliminate  corona  effect  entirely, 
especially  at  1 IJc/soc  uhero  largo  electric  fields  wore  used, 
is  of  no  importance  uhen  the  moasurv  are  rv^e  in  stra^ly 
inescect  liquids,  11  to  tho  aqueous  solutions  examined,  because 
deflections  on  the  light  enter  due  to  corona  are  less  than  •$£  of 
those  obtained  far  the  Innineeoence.  In  other  cases,  however,  when 
the  luminescence  is  weak  cr  it  is  not  present  at  all,  the  occurrence 
of  this  oerena  offeot  make  the  observations  more  complicated.  The 
method  used  in  these  oases  was  to  make  two  successive  runs  at  t'<Q 
sans  volta  -c,  always  with  the  chamber  filled  with  the  liquid.  During 
tho  first  one  the  voltage  applied  at  the  quarts  had  a frequency 
U-500  Eo/seo  different  £ron  the  crystal  resonance  frequsr  v*  ■‘51 nee 
the  off-reacnaace  vibration  is  not  large  enough  to  oaura  cavitation 
the  deflection  at  tho  light  meter  In  this  ease  is  dor  to  the  corona. 
The  soo  end  run  was  made  with  tbs  quart*  vibrating  rod  the  cavitation 


going  cn. 


i i s 


For  the  preparation  of  the  liquid  solution,  ve  bare  followed 
the  syrten  cto  scribed  by  Fitsgerald^.  Dottle  distilled  water  was 
boiloi  in  a flask  far  half  an  hour;  after  oo&ing,  carbon  totra- 
ohlrrido  and  a desired  gas  are  admitted  in  the  flask  to  saturate 
tlv-  water. 

The  overage  ill uigi nation  produced  on  the  phototube  sensitive 
jurfaoe,  has  bees  taken  to  characterise  the  lunireaoenoe  produced 
in  the  liquids  by  sound  wares.  The  licht  mater  deflections  there- 
fare,  hare  been  converted  to  illuminations  expressed  in  lumene/cm  , 
(phots.)  using  another  less  sensitive  photoaster  for  calibration. 

3.  Results 

A certain  rougher  of  introductory  observations  wore  made  with 
the  light  meter  to  establish  the  relation  between  lurnlnseoepoo  and 
cavitation  in  the  liquids  where  luminescence  occurs;  it  has  been 
found  that  in  these  cases  the  two  phenomena  are  always  together  x 
every  tine  cavitation  was  present  it  was  also  possible  to  observe 
luminescence  and  vine  versa. 

A stodfer  of  luminescence  in  some  Aqueous  solutions  has  been 
made  at  1 ifa/eec.  Figure  6 shows  the  results  obtained  in  tap  water 
and  in  distilled  water  eolations  of  carbon  tetrachloride  saturated 
with  argon  and  with  carbon  Tnonoad.de.  In  figure  6 there  is  also  a 
point  showing  the  results  of  a series  of  measurements  in  tap  water 
saturated  with  carbon  tetrachloride.  In  this  case  the  liquid  became 


•j 
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olcuty  very  quickly  and  the  readings  were  not  reproducible  except 
for  the  first  deflection  of  the  light  no  ter  at  the  tine  the  cavitation 
started.  It  is  evident  that  the  addition  of  increases  the 

lunineecenoe  together  with  the  chemical  of  foe  to . Tuo  other  eolutioce 
where  carbon  tetrachloride  is  present  with  argon  or  carbon  rxncadde 
ware  chooen  in  coder  to  cccq>are  the  luminescence  uitli  the  chemical 
effocto.  The  latter  were  found  to  bo  largor  liien  argon  io  in 
solution  than  when  CO  is  present^.  This  is  true  also  of  the  lurdn- 
eocenco. 

Qualitative  observations  woro  node  in  other  aqueous  solutions 
by  neons  af  visual  observations,  checking  at  tlie  sane  tine  the 
presence  of  chemical  affects.  The  chemical  effects  were  measured 
hf  the  quantitative  determination  of  the  production  of  hydrogen 
peroxide  or  free  chlorine  t$r  titration  with  potassium  iodide  and 
soliuu  thiosulphate  and  by  the  uoasure:»nt  of  the  pQ  of  the  solution 
before  and  after  the  sound  irradiation. 

It  was  in  this  way  possible  to  see  that  luminescence  and 
chemical  effects  are  both  present  in  distilled  water  saturated, 
with  carbon  tetrachloride  and  one  of  the  following  g asset  oxygen, 
nitrogen,  sulphur,  hexaflv  Ido.  then  instead,  hydrogen  is  added 
to  distilled  ttater  and  carbon  tetrachloride,  luminescence  and 
ohandoal  effoote  disappear  even  though  the  liquid  is  cavitatlng. 

It  vas  necessary  in  this  case  to  carefully  remove  all  traces  of 
caygen  free  the  water  and  the  hydrogen  gas.  For  this  reason  the 


actual  method  of  preparing  the  solutions  usod  before  was  oocLLfied. 
Boiled  triple-distilled  water  was  frozen  in  a closed  system  which 
woe  than  evacuated.  This  process  was  repeated  two  tines  before 

admitting  hydrogen  to  the  flask  over  a tube  filled  with  hot  copper 
wire. 

Sene  observations  wore  nado  also  cc.  the  following  organic 
liquids  saturated  with  airi  ether,  acetone,  nsthylalcchd, 
benzene  and  nitrobenzene.  The  direct  visual  test  were  nBgv  dve 
far  all  of  then  including  nitrobenzene  although  cavitation  was 
present.  The  measurement  with  the  photoaster  gave  a different 
result  in  the  case  of  nitrobenzene . Par  this  measurements  it 
was  necessary  to  use  tlie  photometer  at  its  mrin.m  sensitivity 
so  that  it  is  important  to  tal»  into  account  the  deflections  due 
to  the  corona  discussed  above.  Figure  7 gives  the  light  at  the 
photometer  as  function  of  the  voltage  applied  to  the  transducer 
when  the  cavitation  is  present  in  benzene  and  when  the  quartz  la 
driven  evt  of  roascnance.  Thr  daainatlccs  on  tfao  phototube  for 
the  sane  voltage  arc  equal  in  t«*a  He  cas^s  and  evidently  no  lumin- 
escence is  present.  The  sane  result  is  valid  for  ether,  acetone, 
and  methylalcchol.  Figure  8 shews  the  results  of  the  photoaster 
marmrenents  for  nitrobenzene,  where  a definite  difference  is 
present  between  the  two  curves  j thus  a very  weak  luminescence  is 
present,  Che  can  Judge  the  intensity  of  the  luzdnseoenoe  in  this 
case,  by  ocepariaon  with  that  in  tap  water,  the  deflections  for  tap 
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litrobenzene 


Fig.  $,  Photon© ter  indications  with 
nitrobenzene  in  the  chamber  as  function 
of  the  voltage  at  the  quartz  crystal 
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voter  et  t fee  a use  voltage  are  over  100  time  larger  , 

the  lualneaoeaoe  In  tap  voter  vaa  also  studied  ot  the  frequencies 
of  660  !Ic/eeo  end  2 Ifc/eec  In  order  to  veke  o c caparison  of  the 
phencmna  et  different  frequencies.  The  figure  9 gime  the  results 
far  these  tvofireqaenoiee  together  vith  the  ones  given  above  et  1 Mo/ sec. 
A source  of  possible  error  in  the  relative  positions  of  the  three 
corvee  is  in  the  detemdnation  of  the  voltage  far  vhich  cavitation 
star\8  in  the  liquid  darter  vhich  affects  the  intensity  scale.  The 
difficulties  for  this  determination  have  been  motioned  before.  Ms 
estimate  that  the  accuracy  of  the  voltage  detarainatlcn  at  the  c«vi- 
tatlon  threshold  in  the  ehasber  la  around  1 Of  vhloh  mane  that  the 
accuracy  vltt  vhloh  the  intensities,  as  defined  before  are  known  as 
JS-20%,  Another  comparison  of  the  results  at  diffarant  frequencies 
has  been  made,  xn  figure  10  the  llluwl nation  at  tha  phototube  la 
platted  as  Amotion  of  the  ratio  J/J0  vbere  J is  the  ultrasonic 
intensity  and  JD  is  the  cavitation  threshold  fey  tha  respective 
frequencies  given  in  figure  9.  Within  the  accuracy  of  the  sound 
intensity  masureaente  these  all  lie  on  the  same  curve  indicating 
that  tha  a parent  frequency  dependence  of  the  luminescence  is 
actually  due  to  the  frequency  dependence  of  the  threshold  of  cavi- 
tation. 

Dtsouasica 

These  experiments  have  ehoun  that  vhen  lumlnasoqnoe  is  observed 
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Tap  Water 


Fig.  9.  Luminescence  in  tap  water  as  function  of 
sound  intensity  at  various  frequencies. 


in  liquids  Irradiated  with  ultrasonics  it  is  only  observed  wbsn 
the  sound  infce^ty  and  gas  content  is  sufficient  to  bring  about 
esvitatim.  In  every  case  luminescence  is  observed  only  if  cavi- 
tation is  observed.  The  cavitation  threshold  is  the  XtsminsseenD® 
threshold.  In  the  ^isr-earben  tstrachlcridG-hydrogen  system  even 
though  cavitation  *as  observed  there  was  no  luminescence^  in  the 
case  of  sll  the  rganie  liquids  observed  except  nitro-benaene 
cavitation  was  observed  but  no  luminescence.  In  these  cases  where 

there  was  no  bservahLe  ltadnescanea  there  was  also  no  observable 

c 

chemical  rerrticn.  In  previously  r eported°  obeervations  qualitative 
estimates  f the  intensity  of  luminescence  were  correlated  with  the 
!-,Asurad  yield  of  chemical  reaction.  These  obeervations  were  made 
using  various  dissolved  gases,  e.g.  argon,  notregen,  oxygen,  carbon 
monoxide,  sulfur  hexafluoride  and  some  of  the  freons.  The  quantita- 
tive measurements  of  luminescence  given  in  figure  6 were  made  on 
systems  lfiiich  covered  a reasonable  range  of  chemical  yield,  fhes® 
neasurenyute  show  a quantitative  agreement  between,  the  intensity  e? 
luminescence  and  the  yield  of  chemical  reaction.  The  intensity  of 
luDrinoscence,  and  yield  of  free  chlorine,  and  the  observed  cavita- 
tion were  all  greatest  for  the  water-carbon  tetrachlesride-argm 
system  even  though  other  experiments  to  be  reported  elsewhere  haw© 
shown  that  the  argon  slightly  increases  the  threshold  of  cavitation. 
Thus  It  'would  eaes  that  the  luminescenee,  observed  in  watts*  solutions, 
always  ^sorapanied  by  cavitation.,  is  actually  chscdlusineseenoe. 


Tii©  luminescence  observed  in  ni tro-bc£5*eno  ie  cf  a eonpletely 
differ-ent  ardor  of  magnitude  and  thus  it  is  dOGfe&Pul  if  any  chemical 
reaction  woo'd  be  observable  even  if  it  occurred.  It  is  entirely 
possible  that  this  luminescence  could  also  be  of  chemical  origin 
either  due  to  traces  cf  water  or  other  impurities  in  the  nitr  obenzene 
or  to  a slight  dacaapcsitieo  of  the  nitrobenzene  itself.  Chambers 
has  observed  luminescence  in  the  range  of  1-3.0  Kc  in  a number  cf 
liquids.  His  results  do  not  agree  with  curs  in  theMc  range,  e.g., 
he  finds  s tronger  luminescence  far  nitro-benzene  than  for  water. 

Whether  our  weak  nitrobenzene  luminescence  is  of  tbs  same  kind  as 
that  observed  by  Chambers,  and  whether  there  are  in  general  different 
mechanisms  in  the  different  frequency  ranges  cannot  be  decided  at 
present. 

Even  -though  figure  $ would  seem  to  indicate  a frequency  dependence 
for  tha  luminescence  and  the  chemical  yield  figure  10  shows  that  the 
threshold  of  cavitation  is  frequency d ependerrt  and  if  this  dependence 
is  taken  into  account  all  of  the  results  fall  nicely  on  a single  curvi. 


